This study examined the chemical composition of Neolitsea aciculata essential oil (NAE) and its biological activities. NAE was obtained by hydro-distillation of N. aciculata leaves collected in Jeju Island and analyzed by gas chromatography equipped with a mass spectrometer detector. 1-Dodecen-3-yne (12.5%), calarene (11.5%) and elemol (9.5%) were identified as the major components of NAE. The antibacterial and anti-inflammatory activities of NAE against skin pathogens were examined to determine the protective properties against acne vulgaris. NAE exhibited moderate to strong antibacterial activity against drug-susceptible and -resistant Propionibacterium acnes and Staphylococcus epidermidis, which are known as acne-causing bacteria. In addition, NAE reduced the P. acnes-induced secretion of tumor necrosis factor-α (TNF-α) and interleukin-8 (IL-8) in THP-1 cells, highlighting its anti-inflammatory effects. The DPPH radical scavenging activities of NAE also revealed moderate antioxidant properties (IC 50 , 21.3 µL/mL). Overall, NAE is an attractive candidate as an ingredient in skin care products.
Acne vulgaris is the most common skin disease affecting adolescents with a prevalence of 70-87% [1, 2] . The condition can have a serious psychosocial impact on the patients, and leave permanent scarring on their faces [2] [3] [4] . The pathogenesis is related to the production of sebum, hyperkeratinization and bacterial colonization in the follicles, and the subsequent release of inflammatory mediators [5, 6] . Three main microorganisms, Propionibacterium acnes, Staphylococcus epidermidis and Malassezia furfur, are involved in the bacterial colonization of the follicle. The most important of these microorganisms is P. acnes. Although these microorganisms are considered nonpathogenic on normal undamaged human skin, they can cause opportunistic infections leading to serious skin problems under certain conditions [7] .
As therapeutic agents for acne vulgaris, macrolide and tetracycline, benzoyl peroxide, and taurine bromamine are normally used to inhibit the growth of skin pathogens [8] [9] [10] . On the other hand, the widespread use of antibiotics has resulted in the emergence of resistant pathogens, which can endanger public health through the increased incidence of treatment failure and more severe disease [11, 12] . In addition, prolonged use of antibiotics can have side effects including organ damage and immunohypersensitivity [13, 14] . To overcome this problem, plant extracts and essential oils have been studied extensively as alternative medicines for acne vulgaris [15] [16] [17] [18] [19] . Topical inflammatory products are also used as therapeutic agents for acne. Nevertheless, these agents can have side effects: benzoyl peroxide and retinoid cause xerosis cutis and skin irritation if used excessively [20] . Therefore, it is important to develop novel therapeutic agents for acne treatment with high antibacterial and anti-inflammatory activities and fewer side effects [21] [22] [23] .
As part of an ongoing study on alternative medicines, this study focused on the identification of essential oils possessing not only inhibition activities against erythromycin-and clindamycin-resistant strains, but also anti-inflammatory properties, which may have topical applications in the treatment of mild to moderate inflammatory acne. This paper reports the chemical analysis and anti-bacterial/anti-inflammatory activities of N. aciculata essential oil (NAE).
N. aciculata (Blume) Koidz. is a Lauraceae woody plant distributed widely in northeast Asia including Korea, Japan and China. Previous phytochemical analysis of this plant resulted in the isolation of sterols and triterpenes [24] . The melanogenesis inhibition effects of the butanol extract of this species were reported [25] . Several essential oils have been isolated from different species of this genus NPC Natural Product Communications Total 95.0 The GC/MS retention indices were calculated using a homologous series of nalkanes C 6 -C 25 . Components were characterized based on library and literature searches. RI = retention index.
including N. pallens, N. dealbata, and N. sericea [26] [27] [28] . Nevertheless, neither chemical analysis nor biological activities of the essential oil of N. aciculata have been reported.
In this study, the essential oil was obtained in 0.11% yield, based on the fresh weight of leaves. The chemical analysis was performed using GC-MS, where the mass spectrum of the individual GC peak was comparatively characterized with the MS library data. From this analysis, nineteen compounds were identified (Table 1) . A hydrocarbon, 1dodecen-3-yne (12.5%), was characterized as the major component. Interestingly, the other major constituents were all mono-or bi-cyclic sesquiterpenes; calarene (11.5%), elemol (9.5%), α-cadinol (7.5%), γ-eudesmol (6.9%), α-eudesmol (5.0%), β-elemene (5.0%), β-selinene (4.9%) and δ-cadinene (4.2%).
The essential oil was evaluated for its anti-bacterial activities against P. acnes, S. epidermidis and M. furfur, microorganisms involved in the outbreak of acne. The in vitro activities were assessed using the paper disc diffusion method and from the MIC values. The MIC was recorded as the lowest concentration of essential oil that inhibited visible growth (no turbidity), and was determined using a two-fold serial dilution method. As shown in Table 2 , NAE exhibited strong anti-bacterial activity against drugsusceptible strains. For example, it showed a MIC value of 0.16 µL/mL for S. epidermidis (CCARM 3709), which indicated more potent antimicrobial activity compared with that of essential oils from other plants on this microorganism [29, 30] . By comparison with the results obtained in our laboratory, NAE also showed more potent activity than the essential oil derived from Tymus quinquecostatus against the susceptible strain of P. acnes [16] . More importantly, NAE exhibited moderate to strong anti-bacterial activities against drug-resistant strains. For example, it gave MICs of 10.0 and 40.0 μL/mL for the resistant S. epidermidis (CCARM 3710) and P. acnes (CCARM 9009), respectively.
The anti-inflammatory activities of NAE were investigated because acne vulgaris is caused by the combination of a bacterial infection and the resulting inflammatory response. P. acnes can activate keratinocytes in the skin leading to the production of pro-inflammatory cytokines. A peptidoglycan secreted from P. acnes has been reported to stimulate the production of IL-8 and TNF-α by human monocytic cell lines [15, [31] [32] [33] . Therefore, the concentrations of the inflammatory cytokines, IL-8 and TNF-α, in THP-1 cells were measured by ELISA to determine the effects of NAE against inflammation. As shown in Figure 1 , production of TNF-α and IL-8 induced by P. acnes were reduced by NAE in a concentrationdependent manner. NAE, at a concentration of 0.125 μL/mL, showed 81 and 92% inhibition for the production of TNF-α and IL-8, respectively. Compared with the results obtained from our previous studies, these data indicated that NAE possessed more potent antiinflammatory activities than the essential oils of citrus species [34] .
The MTT assay was carried out with THP-1 cells to assess cell toxicity, which could cause suppression of cytokine generation. NAE was shown to have a low cytotoxic effect up to 0.25 μL/mL (Figure 2A ). The essential oil should not have a cytotoxic effect on human skin cells when applied topically. To evaluate the toxicity of NAE to skin cells, MTT assays were performed on both THP-1 and HaCaT cells. As shown in Figure 2 , all essential oils showed relatively low cytotoxicity with cell viabilities >85% at 0.25 µL/mL.
Aging is reported to be associated with the formation of reactive oxygen species, including free radicals. Oxidative stress induced by oxygen radicals is believed to be a The inhibitory effect of NAE on test bacteria was determined by the disk diffusion method. Skin pathogens were grown at 37°C for either 24 h or 48 h in each media. Culture suspensions were adjusted by comparison with 4 McFarland. The disks (Ф 8.0 mm) were prepared and the essential oil, diluted in ethanol to the test concentration, was added to the wells (20 μL). Erythromycin was used as a control. For determination of MIC, the microdilution broth susceptibility assay was used. nd; not determined. primary factor in a range of diseases, as well as in the normal aging process. When the skin is exposed to UV or visible light, free radicals are generated and induce skin damage ultimately leading to aging [35] . DPPH, a stable radical species, is used widely to screen the antioxidant activities of plant extracts [36, 37] . DPPH conversion by antioxidants into colorless α,α-diphenyl-β-picryl hydrazine can be monitored by measuring the decrease in absorbance at 517 nm. NAE was examined for its possible antioxidant activity using DPPH free radical scavenging systems, and exhibited dose-response curves. The IC 50 value was 21.3 µL/mL. This suggests that NAE has hydrogen radical donation properties [38] .
In conclusion, NAE has potential as an anti-acne and antioxidant agent, and may be useful in the pharmaceutical and cosmetic industries. To the best of our knowledge, this is the first report of the essential oils of N. aciculate demonstrating anti-bacterial activities against drugsusceptible and -resistant skin pathogens as well as on their anti-inflammatory efficacy. immersed in 4 L of distilled water using a 5 L three-neck flask for 6 h. Steam distillation was carried out for 12 h under atmospheric pressure to afford 1.1 g of waterinsoluble oil. Gas chromatography was performed using a Hewlett-Packard mass spectrometer 5975 at 70 eV coupled to a HP 6890 GC equipped with a DB1-HT column (30 m X 0.32 mm X 0.10 μm). The temperature was set to 40°C for 5 min, increased from 40°C to 80°C at a rate of 2°C /min, held at 80°C for 20 min, increased again from 80°C to 240°C at a rate of 2°C /min, and finally held at 240°C for 5 min (80 min analysis time). The injector and detector temperatures were 240°C and 280°C, respectively. The flow rate of the carrier gas (He) was 1.5 mL/min and the split ratio was 1:10. For the injection (splitless), 10 μL of essential oil was diluted in 500 μL of CH 2 Cl 2 , and 1 μL of this diluted sample was injected. The volatile constituents were identified based on their MS, which were compared with those in the literature. The retention indices were calculated using a homologous series of n-alkanes (C 6 -C 25 ). The peak areas of the individual compounds were related to total peak areas of the compounds detected by GC. The micro-dilution susceptibility assay was performed using the NCCLS (National Committee for Clinical Laboratory Standards) method to determine the minimum inhibitory concentration. A stock solution of essential oil was prepared in 10% dimethyl sulfoxide (DMSO) and serially diluted to 0.1 to 40 μL/mL. The 96-well plates were prepared by dispensing 175 μL of a culture broth, 20 μL of essential oil and 5 μL of the inoculants into each well. A positive (containing inoculum but no essential oil) and a negative control (containing essential oil but no inoculum) were included on each microplate. The contents of the wells were mixed and the microplates were incubated at the appropriate temperature and incubation time. The MIC was defined as the lowest concentration of the compound that inhibited microorganism growth.
Experimental

Plant material and GC/MS analysis:
DPPH free radical scavenging activity:
The reaction was carried out in 100% ethanol containing 0. 
Measurement of cytokine production:
Human monocytic THP-1 cells (1×10 5 ) in serum-free medium were stimulated with 100 μg/mL P. acnes and incubated for 24 h, either alone or in combination with the indicated concentrations of NAE. The culture supernatants were then harvested. The concentrations of interleukin-8 and TNF-α in the culture supernatant were measured using enzymelinked Immunosorbent Assay (ELISA) kits (BioSource, CA, USA).
Cytotoxicity assay:
Human dermal fibroblast and HaCaT cells were cultured in Dulbecco's modified Eagle's medium containing 10% fetal bovine serum (Gibco) and penicillin-streptomycin at 37°C in an atmosphere containing humidified 95% air with 5% CO 2 . The cells were seeded on 24-well plates and the drug treatment began 24 h later. The general viability of the cultured cells was determined using a MTT assay in which 3-(4,5dimetyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) was reduced to formazan. After dermal fibroblast cells were incubated with various concentrations of NAE for 24 h at 37°C in a 5% CO 2 atmosphere, MTT (1 mg/mL in phosphate-buffered saline, PBS) was added to each well in a 1/10 volume of media. The cells were incubated at 37°C for 3 h, and dimethyl sulfoxide (DMSO) was added to dissolve the formazan crystals. The absorbance was then measured at 570 nm using a spectrophotometer (Power Wave, Bio-tak, Inc., VT, USA).
Statistical analysis:
The means ± S.E.M. of the data were calculated. Statistical analysis of the results was performed using Student's t-test for independent samples. P values <0.05 were considered significant.
